The objective of this study was to evaluate the value of an intensive telephone follow-up as an additional component of a diabetes disease management program already shown to be effective in improving glycemic control, adherence with American Diabetes Association (ADA) standards of care, and health-related quality of life (HRQOL). The study involved a randomized controlled trial. The intervention group received a series of 12 weekly phone calls reinforcing base education and self-management skills. Five hundred and seven consenting patients, age 18 years or older, with type 1 or type 2 diabetes mellitus referred to the hospital-based disease management program who had telephones and were able to complete surveys in English or Spanish were enrolled. Outcomes were evaluated at 3 and 12 months follow-up. Adherence to ADA standards of care, specifically annual eye exams, physician foot exams, foot self-exams, and pneumonia vaccination were significantly better with the added telephone intervention, but there were no differences between the groups on glycemic control, HRQOL, or patient satisfaction. The effectiveness of the disease management program was replicated with sustained improvement in glycemic control, HRQOL, and adherence to ADA standards. The additional telephone intervention further improved adherence to ADA guidelines for self-care and medical care but did not affect glycemic control or HRQOL. (Disease Management 2005;8:15-25) 15 
INTRODUCTION T
HE CARE OF INDIVIDUALS with chronic conditions such as diabetes is resource intense. Health care providers and health plan administrators are under increasing pressure to reduce costs while improving outcomes for populations who suffer from impaired function and contribute substantially to overall costs, such as those with diabetes. [1] [2] [3] Reimbursements under risk arrangements, particularly for the Medicare, Medicaid, and commercial health maintenance organization (HMO) populations, have added to this challenge. Employers also are playing an increasing role as they need to provide insurance options for their employees that are affordable and result in coverage and programs that maintain a healthy, productive workforce.
Disease management programs by definition are multifaceted. 4 Studies of disease and care management models that aim to limit "preventable" events by promoting self-management skills and maximizing adherence to standards of care demonstrate promise for reducing costs and improving care, 5 but more research is needed to determine which model and which components of each model generate the desired results. 2, [6] [7] [8] [9] [10] Two recently published review articles, one specific to diabetes, but neither isolating telephone interventions in their review, concluded that there was empirical evidence supporting the effectiveness of self-management training and disease management programs in improving disease control but that little is known about the individual intervention strategies. 11, 12 The Diabetes Complications and Control Trial (DCCT), 13 which included telephone support, reported the longest follow-up and the most conclusive results but did not determine which components (eg, office visits, phone calls) of the intensive follow-up were most effective in lowering glycosated hemoglobin (HbA1c) and the improving microvascular complications. Several studies have found improvements in glycemic control and/or adherence to self-care guidelines with telephone call interventions, but all of these have compared the telephone intervention with standard physician visits. [14] [15] [16] The objective of the current study was to isolate any added value of an intensive telephone followup as an additional component of a disease management program that had been shown to effectively improve glycemic control, adherence with American Diabetes Association (ADA) standards of care, and health-related quality of life (HRQOL). 17 
MATERIALS AND METHODS
Adult patients with type 1 or type 2 diabetes mellitus who were referred to the hospital-based disease management program (described below and in previous publications) and who provided consent were enrolled in the study. 17, 18 The study was approved by the hospital's Institutional Review Board. Exclusion criteria were individuals without telephones and inability to complete interviews or surveys in English or Spanish.
The study involved a repeated measures randomized controlled trial, with an intensive telephone follow-up as the intervention. Outcomes were evaluated at 3 and 12 months follow-up. Both the intervention and control groups received standard of care provided in the diabetes disease management program as follows: (1) three 4-h educational classes covering topics such as living with diabetes, introduction to diabetes and the metabolic syndrome, nutrition and exercise, the importance of adherence to the ADA standards of care (eg, annual eye exams, foot exams, blood glucose monitoring) and strategies to enhance self-management skills; (2) individual visits with a Registered Nurse and a nutritionist; (3) collaborative care management with written evaluations and recommendations provided to the patient's primary care provider, and scheduled follow-up visits. The follow-up visits were scheduled at 3 and 12 months with interim follow-up visits provided at the discretion of Diabetes LifeCare (DLC) staff based on the following criteria: HbA1c Ͼ 7.0, lack of follow-through on ADA standards of care, or lack of attendance at regularly scheduled office visits with their primary care provider. Most of the participants had three (41%), four (30%), or five visits (24%); 5% visited only once. The mean number of visits to the DLC program was 3.7.
The intervention consisted of a series of 12 weekly phone calls to reinforce education and self-management skills. The calls, scripted by the investigators and delivered in English or Spanish by a trained research nurse, included standardized inquiry to patients, adherence with self-management activities, and attendance at scheduled physician office visits. The focus of the educational component of the calls was the importance of glycemic control, prevention of diabetic complications, and exacerbation of comorbid conditions. The first call was 15-20 min in length; subsequent calls were 5-7 min each.
Instruments and measures
Demographic information was collected at enrollment. Outcome measures included glycemic control, general and disease-specific HRQOL, symptoms of depression, adherence to self-management guidelines, and patient satisfaction.
Glycemic control. This was measured by HbA1c at enrollment and follow-up. Recent HbA1c information was obtained from the participant's physician or collected at the clinical visit to DLC by the DLC nurses or trained research nurse using the Bayer DCA 2000ϩ Analyzer.
Health-related quality of life. Physical and Mental Component Summary Scores of the Short Form 36 (SF36) and the eight subscales were used as standardized measures of general Health-related Quality of Life (HRQOL). 19, 20 Disease-specific quality of life (QOL) was measured by the two scales of the disease-specific dysfunction construct of The Diabetes Specific Quality of Life Questionnaire, developed as part of the Diabetes Quality Improvement Project (DQIP): (1) how much symptoms of diabetes interfered with everyday activities (symptom interference), and (2) a seven-item scale on how much various aspects of diabetes management were a problem or hassle. 21 Symptoms of depression. The five-item Center for Epidemiologic Studies Depression Scale (CES-D) 22, 23 was used to measure symptoms of depression (range of scores ϭ 0-15). Selected in preference to the longer form to reduce patient response burden, this shorter version has been validated against the full 20-item CES-D. 24 Adherence to self-management guidelines. The ADA's Standards of Medical Care for Patients was used to define guidelines for care and thresholds for adherence. 25 Information about annual retinal eye examinations, nutritional counseling, pneumonia vaccination, and flu immunizations was obtained by patient interview during the DLC nurse visit. Information on microalbumin and lipid testing was inconsistently reported by participants and unavailable from medical office charts, and thus excluded from the analyses. Frequency of physician foot exams, self-examination of feet, and monitoring of blood sugars was obtained from self-report DQIP survey items.
Patient satisfaction. Patient satisfaction with providers was measured utilizing DQIP scale items on participatory decision-making, physician-patient communication, physician-patient relationship, and ratings of overall quality of care.
Statistical analysis
Given that the main purpose of the study was to explore the added effectiveness of a telephone intervention within the context of an effective program, it was necessary first to test the replication of the effectiveness of the program. This was explored with repeated measures GLM analyses with a priori contrasts to compare time points for glycemic control, HRQOL, and symptoms of depression. Cochran's Q was used to evaluate improvement in the ADA standards for self-management.
The main outcome analyses for the study (exploring differences between the telephone intervention and control groups at 3 and 12 months for HbA1c, general and specific HRQOL, symptoms of depression, and patient satisfaction) were conducted using repeated measures GLM with the baseline assessment (of the dependent measure) as covariate. Chisquare analyses and logistic regression were used for the dichotomous measures of adherence to ADA standards of care at 3 and 12 months. Chi-square analyses, Spearman correlations, and logistic regression were used to explore predictors of attrition.
RESULTS

Study population
Five hundred and seven patients were enrolled between March 2000 and August 2001; 336 patients completed both the 3-and 12-month visit (176 in the telephone group and 160 in control). Of the remaining participants: 74 completed only one follow-up; 90 were lost-tofollow-up after enrollment, five withdrew from the study, and two were deceased. Of the 336 continuing study participants, the majority were Caucasian (70.2%), were female (53.3%), had type 2 diabetes (96%) and were diagnosed within the last year (61%). Their average age was 58.0 years, and their average Body Mass Index (BMI) was 32.4 (Table 1) .
Participant attrition
The 171 participants who did not return for their two follow-up visits represent a significant attrition rate (34%). A comparison of demographic and baseline measures indicated that the two groups differed on age, BMI, when diagnosed, language used in the DLC class attended, ethnicity (Caucasian, non-Caucasian dichotomy), HbA1c, PCS, MCS, and symptoms of depression (CES-D). A logistic regression analysis, conducted to explore these interrelated characteristics, found that HbA1c and BMI were the only significant individual predictors of attrition; patients with smaller BMI and better glycemic control were more likely to return. Of particular interest to this study, there were no significant differences in the rate of attrition between the control and intervention groups.
Replicating the effect of the disease management program
The effectiveness of the disease management program was established for the total study population. Significant improvements were found at the 3-month follow-up for glycemic control; most of the HRQOL measures, including PCS, MCS, and role physical, general health, vitality, role emotional, social functioning, and mental health subscales; the diabetesspecific QOL measures of symptom interference and characterization of diabetes as a "hassle"; symptoms of depression; patient satisfaction. The improvements were sustained at 12 months for glycemic control, PCS and role physical, general health and vitality subscales, and patient satisfaction ( Table 2) . Adherence with most of the standards of care also improved. There were statistically significant improvements in the proportion of patients reporting a physician foot exam, performing foot self-exams, and reporting checking their blood sugar level at least once a day. For the yearly guidelines, there was substantial improvement in eye exams, pneumonia vaccine, and flu shots (Table 3) . 
Main analyses: effects of additional telephone intervention
Comparability on baseline measures. Table 4 presents the profiles for the telephone and control groups on demographic and baseline characteristics. Despite the random assignment, there were comparability issues. There were statistically significant differences between the telephone intervention and control groups on BMI (t 307 ϭ Ϫ2.7; p Ͻ 0.01) and HbA1c (t 290 ϭ 2.23, p Ͻ 0.025). To control for these potential confounds, all GLM repeated measures analyses for outcomes at 3 and 12 months were conducted adding these two baseline variables (HbA1c and BMI) as covariates for all measures in addition to the baseline measurement for each specific analysis. For the analyses of the adherence measures, logistic regression was used to control for any effects of these differences.
Outcomes at 3 and 12 months: glycemic control, QOL, and patient satisfaction. There were no significant differences between the participants in the telephone intervention group and the control group on glycemic control or any of the measures of general or specific HRQOL, symptoms of depression, or patient satisfaction at either follow-up time point (Table 5 ).
Outcomes at 3 and 12 months: adherence with ADA standards of care. (1) Glycemic Control.
Group assignment was not a significant predictor of whether the participant met the ADA target of Ͻ7.0 for HbA1c at the 3-or 12-month patients needing an eye exam at 3 months, a significantly higher proportion of those in the telephone group (70% vs. 43%) were adherent in completing their annual eye exam by the 3-month visit (X 2 ϭ 8.78; p Ͻ 0.003). At 12 months, the cumulative adherence rate was also significantly higher for the intervention group (X 2 ϭ 4.86; p Ͻ 0.03). This effect existed independent of the baseline differences between the groups. In the logistic regression, intervention group assignment was a significant predictor of having had an eye exam at 3 months (O.R. ϭ 3.32; p Ͻ 0.002) and cumulative adherence at 12 months (O.R. ϭ 2.56; p Ͻ 0.028); neither covariate significantly predicted adherence. (4) Vaccination/Immunization. Among the 203 participants who needed a pneumonia vaccination at 3 months, a significantly higher proportion in the telephone group received the needed vaccination (26% vs. 10%; X 2 ϭ 8.64; p Ͻ 0.005) by that time. The difference was sustained at 12 months with the cumulative adherence rate significantly higher within the intervention group (X 2 ϭ 5.89; p Ͻ 0.02). Again, the logistic regression indicates the relationship between the telephone intervention and adherence were independent of any baseline differences. Receiving the telephone intervention was a significant predictor of adherence at 3 months (O.R. ϭ 2.74; p Ͻ 0.015) and the cumulative adherence at 12 months (O.R. ϭ 1.96; p Ͻ 0.039). Among patients who needed a flu shot and had the 3-month visit during the flu season, there was a tendency for patients in the telephone intervention group to report higher adherence rates but the difference was not statistically significant. There were no significant predictors of flu shot adherence. (5) Physician Foot Exam. At 3 months, a significantly higher proportion of patients in the intervention group (83%) reported having a foot exam by their physician than in the control group (65%) (X 2 ϭ 12.92; p Ͻ 0.001). The intervention difference was significant both among those who had reported a baseline physician foot exam (91% vs. 80%; X 2 ϭ 5.16; p Ͻ 0.023) and those who had not had one previously (69% vs. 41%; X 2 ϭ 4.26; p Ͻ 0.039). The overall difference remained significant at the 12-month follow-up (X 2 ϭ 4.91; p Ͻ 0.027), but There weren't any significant overall group differences at either the 3-or 12-month follow-up for the proportion of patients following the ADA guideline of doing a daily foot exam, but at 3 months there was a significant group difference among those who had reported not following the ADA guideline at the time of enrollment; 44% of patients in the intervention group reported following the guideline compared to only 29% in the control group (X 2 ϭ 4.70; p Ͻ 0.03). This was confirmed with baseline differences controlled by the logistic regression, which found no significant predictors of foot self-exam adherence in the full study population, but did find that receiving the telephone intervention was a significant predictor of adherence for those who did not report adherence at enrollment. There were no significant differences between groups for self-monitoring of blood glucose and group assignment did not predict adherence in the logistic regression analysis. HbA1c at enrollment, however, was a significant predictor with higher HbA1c predicting greater adherence at 3 months (Table 6 ).
DISCUSSION
Disease-specific and population health improvement programs are increasingly being employed as strategies to improve outcomes and contain health care costs. Great strides are being made to promote evaluation of the quality of such programs with more rigorous study designs using consistent measures, and to monitor program processes and results via accreditation programs such as those developed by the Joint Commission on Accreditation, the National Council on Quality Assurance and URAC. These efforts are important so that costeffective, evidence-based practices can be consistently applied to the growing number of individuals with diabetes and other chronic diseases.
As provider and health plan resources are stretched, it is essential to determine which program components have an impact above and beyond good medical management (eg, intensive insulin therapy) that justifies the added resources of providing such services. It is important to know how much service is enough, and at what point investments have diminishing returns from a cost and quality perspective. This study of an intensive telephone intervention was conducted in the context of a hospitalbased diabetes disease management program which was already determined to be effective in achieving good glycemic control. 17 Within this context, the addition of the telephone intervention did not result in additional improvements in glycemic control. While it cannot be known from these data, it is reasonable to speculate that the overall decrease in HbA1c to an average of 6.8 reached a floor effect and that in an alternative setting in the absence of a successful base program, the telephone intervention may have had an effect on glycemic control. The added telephone intervention also did not result in any significant differences in general HRQOL, disease-specific QOL, symptoms of depression, or patient satisfaction. The added intervention, however, did affect several measures of adherence with ADA standards of care; the adherence to standards for foot and eye exams and for pneumonia vaccination were significantly higher for the telephone intervention group than for the control group. The added telephone support and the knowledge that someone was going to ask, during a follow-up call, if an appointment or exam had been scheduled or completed may have resulted in this difference. The ADA standards of care are meant to protect patients from related complications that accompany poorly managed diabetes. It is unclear, in the context of good glycemic control established by the overall disease management program, whether the greater adherence to foot exams and annual eye exams evidenced among the telephone intervention patients would still offer protection against complications from undetected neuropathy (eg, foot ulcers) and retinopathy (eg, vision deficits). Such benefits, in particular, might be anticipated for patients with years of suboptimal glycemic control and exposure to the risks of complications prior to program participation and subsequent improvement in HbA1c.
There were methodological issues that needed to be addressed in the analysis. Differences in HbA1c and BMI at enrollment, due to unexpected lack of equal distribution during randomization, were controlled for by an analysis of covariance. A significant rate of attrition was experienced but the control and experimental groups did not differ significantly on attrition rate or other significant procedure variables such as number of visits to the program. The effect of the telephone intervention therefore was not biased from a group distribution perspective.
Overall, the study replication portion of this analysis demonstrated that the disease management program continues to be successful. The only finding that was not sustained from the previous study was the overall improvement in the MCS score. At baseline, however, the scores for MCS and CES-D did not demonstrate any compromised function, thus again raising the issue of a floor effect and the feasibility of finding improvement on measures already in the average range for that of the general population. Of further interest in the replication study was that improvements for disease-specific QOL were seen at 3 months but were not sustained at 12 months, perhaps suggesting that additional support needs to be continued or added to the base program beyond the 3-month time point. In addition, other measures of HRQOL such as disease impact or burden and self-efficacy may reveal aspects of HRQOL not captured with the measures employed in this study.
The overall attrition rate, while not an issue for the group comparisons, was clearly an issue for the entire disease management program. The fact that individuals with better glycemic control were more likely to return may explain some of the floor effect on glycemic control in the total study population. Further, that those patients with worse glycemic control and larger BMI at enrollment were the ones more likely to miss later appointments is concerning because those are the patients who most need their diabetes education reinforced and self-management encouraged. Anecdotal evidence from the current study suggests that scheduling was a major issue in patients' appointment adherence. Numerous models exist for managing chronic diseases such as diabetes. More flexible scheduling, "virtual" appointments, or perhaps the substitution of the telephone component for the in-person education might be useful models to follow to increase continued participation. Hospital-based programs have the advantage of on-site access to physicians to facilitate reinforcement of the patient-primary care provider relationship and to avoid fragmentation of care and added costs that various carve-out programs can create. 26 The current study demonstrated that the addition of an intensive telephone intervention to a hospital-based disease management model resulted in improvement in adherence to certain guidelines for self care and medical care, but did not demonstrate any differences for glycemic control, HRQOL, or patient satisfaction. A promising next step in exploring the best model for disease management is to study telephone interventions with and without initial on-site education and visit with the diabetes nurse and nutritionist, and to further evaluate frequency, intensity, length, and timing for both on-site and telephonic contact in this practice setting and others.
